Abstract. It has designed an energy-efficient hull that can reduce the resistance of river water. There are sealed cavity, boat bottom plate, deflector, water-breaking plate, broken water tooth, diversion trough, auxiliary motor, main drive motor, keel, cabin on the hull. The hull is made of steel plate material. The bow and the broken water tooth at the bottom of the hull are made into a pointed shape. And the water-breaking plate is made into a wedge shape. A gap is left between the water-breaking plates as a diversion trough to make the water flow backwards. A main drive motor is installed in the middle of the tail of the hull, and auxiliary motors are respectively installed on both sides of the main drive motor. The auxiliary motor can be used for hull acceleration or as a steering guide. A sealed cavity is provided inside the hull for supercharging the buoyancy of the hull, thereby increasing the bearing capacity and water pressure resistance of the hull.
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Through the STAR-CCM+ commercial software to simulate the voyage state of the hull in the river, it is concluded that the whole hull greatly reduces the wave forming resistance of the river during the voyage, reduces the fuel consumption, and reduces the emissions of harmful pollutants including CO 2 . It is suitable for the green background of the international shipping industry.
Research Background and Significance
With the rapid development of the shipbuilding industry and the globalization of environmental protection issues, following the entry into force of The International Convention for the Prevention of Pollution From Ships, IMO has successively issued the International Conference on the Control of Harmful Anti-Fouling Systems for Ships, and International Conference on the Safety and Environmentally Sound Recycling of Ship, the United Nations has also introduced the United Nations Framework Convention on Climate Change, etc. These indicate that the 21st century is a new century of development and environmental protection. And international competition has a strong green background. The global shipbuilding industry and shipping industry are experiencing a new green revolution. [1] Since ancient times, the ship has been a whole structure. Usually below the waterline of the larger ship is the main carrying space, and the hull has a large top and a small bottom shape that approximates a triangle. Because the hull is limited by this structure, the actual carrying space is not large. In order to increase the load capacity, only the hull is enlarged and the height of the hull under the water line is increased. However, its shape is still similar to a large top and small bottom triangle, and the added carrying space is not large. So no matter how the hull changes, it does not increase the carrying space, which makes the ship more difficult to manufacture. This structure of the ship is slow speed, high energy consumption, small buoyancy, large resistance, small load capacity, and small driving force. Therefore, it is necessary to make some improvements to the structure, buoyancy and power of the traditional ship in order to increase the speed and the load capacity. In addition, Fluid wave forming resistance generated by the back negative pressure zone of the back surface and the front and side of the upstream face. It is the largest energy consumption in ship navigation. So far there is no effective solution and further improvement is needed. Inland vessels are first identified as a breakthrough in the development of green and environmentally friendly ship types in China.
Through analysis and experiment, we are dedicating to design an energy-efficient hull that can reduce the resistance of river water. We propose to provide a water-breaking plate on both sides of the boat bottom plate and separate the large water flow through the diversion trough, thus reducing the wave forming resistance of the ship. Through the linear design of the hull, the bow and the water-breaking plate are made into a wedge shape, and the end of the broken water tooth is made into a pointed shape. Optimized the optimal configuration of the main drive motor and the auxiliary motor, which can accelerate the hull and serve as steering guidance. Install a sealed cavity in the hull to increase the buoyancy, thereby increasing the bearing capacity and water pressure resistance of the hull. The effect of reducing fuel consumption and carbon dioxide emissions is achieved.
Design Plan Overall Design Concept
Referring to the figure, this design provides a technical solution: An Energy-efficient hull capable of reducing river water resistance. It includes the hull 1, the front end of the hull 1 is high, and the height of the tail end is low, which is beneficial to enhance the wind resistance of the hull.A boat bottom plate 3 is arranged on the hull 1, and a water-breaking plate 5 is arranged on both sides of the bottom of the boat bottom plate 3. And a diversion trough 7 is arranged between the water-breaking plate 5. A sealed cavity 2 is arranged above the boat bottom plate 3, and a cabin 11 is arranged above the sealed cavity 2. The cabin 11 is provided with a keel boat 10, the cabin 11 is semi-cylindrical.The keel boat 10 is used to enhance the strength of the hull. In the figure: 1, hull; 2, sealed cavity; 3, boat bottom plate; 4, deflector; 5, water-breaking plate; 6, broken water teeth; 7, diversion trough; 8, auxiliary motor; 9, main drive motor; 10, keel boat; 11, cabin. 
The Design About the Hull Line
The bow of the hull 1 and the broken water teeth are wedge-shaped, and the ends of the broken water teeth 6 are pointed. It allows the inflow section to present a straight shell streamline when the ship is moving forward. The frictional resistance can be effectively reduced, resulting in the ship being able to balance various resistances more effectively. At the same time, the slamming power received by the stem structure is also significantly reduced, making it easier to sail in the waves.
The Design about the Water-breaking Plate
The ship picks up waves during the sail, that is, the ship's traveling wave. During the course of the sail, the ship generates resistance opposite to the direction in which the ship is heading, this is, the wave forming resistance. The wave forming resistance can reduce the efficiency of the ship's sail. Its size depends mainly on the amplitude, so the main measure to reduce the wave forming resistance of the ship is to reduce the amplitude of the wave.
The large water flow generated by the advancement of the ship can be separated by a plurality of water-breaking plates 5. This reduces the amplitude of the wave, which greatly reduces the wave forming resistance to the hull 1. Thereby reducing the hull energy consumption and increasing the speed of the ship.
The Design about the Power System
A main drive motor 9 is disposed in the middle of the bottom end of the hull 1, and auxiliary motors 8 are disposed on both sides of the main drive motor 9, and the auxiliary motor 8 is mounted at the end of the water-breaking plate 5. The auxiliary motor 8 can adjust the angle of the swing, and the angle adjustment range is 0°-45°. This can be used for hull acceleration or as a steering guide.
The design improves transmission efficiency through the rational configuration of electromechanical. Thereby improving the operating efficiency of the ship's power plant, and ultimately reducing the resistance, played a role in energy conservation and emission reduction [2] .
The Design about the Hull Strength
The ship is subjected to the forces of wind, waves and current during the sail. We separate the ship bottom plate 3 from the sealed cavity 2, and a stiffened frame is added to the ship bottom plate 3. In order to make the stiffened frame have sufficient strength, we made the stiffened frame crisscross and welded directly to the surface of the boat bottom plate 3. This enhances the strength of the hull and ensures the safe navigation of the ship.
Theoretical Design Calculation Wave Forming Resistance Calculation
Through the STAR-CCM+ commercial software to simulate the navigational state of the hull in the river, the total resistance and wave forming resistance of the hull are calculated. Comparing this data with the data of the unmodified hull, in the different water flow environment, taking the relative speed of 6.4725m/s as an example, the total resistance of the ship is reduced by nearly 60%, and the wave forming resistance is reduced nearly 70%. In addition, as the speed increases, the magnitude of the reduction becomes more and more obvious. Therefore, as the resistance of the ship during the sail is greatly reduced, the required fuel is greatly reduced in the same navigation state and environment, which has an energy-saving effect.
For . It can be seen that ships with water-breaking plates that actually sail in the water are less resistant and will be more conducive to the ship's sail, effectively improving the operational efficiency of the ship, reducing fuel consumption and reducing costs. 
Fuel Calculation
The fuel consumption of the ship is generated by the main drive motor, generator, boiler, etc., among which the main drive motor accounts for the largest proportion. In the initial energy efficiency analysis, the energy consumption of other equipment can be regarded as a function of time, so we mainly choose to analyze the energy consumption of the main drive motor. The main drive motor of the ship drives the propeller to rotate by the transmission and the shaft system to generate thrust, and overcome the hull resistance to make the ship advance or retreat.Under normal navigation conditions, the thrust from the propeller is used to overcome the hull resistance [4] .
It is known that the mechanical energy required for the advancement of a ship is mainly converted by internal energy generated by combustion of the fuel. Calorific value is an important indicator of fuel quality in fuel chemistry. It is also the amount of heat released per unit mass (or volume) of fuel that is completely burned. The higher the unit calorific value, the more sufficient the heat source can be converted. The normal calorific value of the fuel should be between 9700 and 10500 kcal/kg. Assuming 1 kilogram of fuel, its calorific value is about 9700 kcal, which is 40546kJ (1 card = 4.18J). The general rated power of the main drive motor is 5,675kw, that is, within 1 hour, it can work 20,430,000kJ (1kw.h=3600kJ). For one hour per sailing, the fuel consumption( ) is:
Where, indicates fuel consumption, E indicates internal energy value of main drive motor conversion, Q indicates calorific value. It is calculated that the internal energy of the main drive motor conversion of 20430000kJ requires 503.9 kg of fuel.
By design, for a ship sailing at a speed of 6.4725 m/s, the total resistance is reduced by 57.16%. Calculated that the ship sailed for 1 hour, the fuel saved was 288.01 kg.
Calculation of CO 2 Emissions
For conventional ships powered by fuel oil or diesel, the CO 2 emission limits and fuel consumption limit requirements are consistent. CO 2 emissions are equal to the product of fuel consumption and fuel conversion to CO 2 coefficient [3] . The figure shows the CO 2 mass conversion coefficient Cf table [4] . The fuel used in the energy-efficient hull designed to reduce river water resistance is mainly LFO. From the above table we can find that the mass conversion coefficient of CO 2 is 3.110040. According to the 3.2 Fuel calculation in the text, the ship is calculated to sail for 1 hour, and the fuel saved is 288.01 kg. From this, it can be inferred that the corresponding CO 2 is reduced by 907.53 kg, which is 462.02 L.
Expected Application Prospects
With the rapid development of the economy and society, energy conservation and emission reduction have increasingly become an important factor in the development of the 21st century. From the two aspects of design and operation, research on the energy consumption efficiency of ships is an important measure to develop green ships and prevent increased carbon dioxide emissions to the atmosphere over the next decade due to the expansion of the fleet.
The energy-efficient hull that reduces the resistance of river water conforms to the development trend of the era of green energy conservation. Through technological innovation, it reduces the wave forming resistance of ships sailing in river water and increases the efficiency of energy use. It is conducive to the improvement of the cost-effectiveness of shipping companies, enabling them to win the opportunity in the competition of ship operating costs.
Conclusion
This design is the first to use the water-breaking plate to reduce the resistance of the sailing ship in the river. It combines the rational configuration of the main and auxiliary motor, and installs stiffened frame on the boat bottom plate and keel boat inside the cabin, to speed up the ship and increase the stability and strength of the ship. Through the STAR-CCM+ commercial software to simulate the navigational state of the hull in the river, it is calculated that the design greatly reduces the wave forming resistance of the hull, with an average of more than 50%. In addition,It Analyzed the corresponding fuel consumed. For example, the ship sailed at a speed of 6.4725 m/s for one hour, can save 288.01 kg of fuel and reduce CO 2 emissions by 462.02 L. This has played a role in energy conservation and emission reduction, and has also brought high economic benefits to the society.
